SEMICONDUCTOR DEVICE 
CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is based upon and claims the benefit of 
5 priority from the prior Japanese Patent Application No. 2003-13919 , 
filed on January 22 , 2003; the entire contents of which are 
incorporated herein by reference. 

BACKGROUND 
10 1. FIELD OF THE INVENTION 

[0002] The present invention relates to a semiconductor device 
having through plugs, more particularly , to a semiconductor device 
in which highly reliable through plugs are formed with good 
productivity . 

15 

2. DESCRIPTION OF THE RELATED ART 

[0003] In accordance with the reduction in size and weight of 
electronic equipment such as portable devices and mobile devices , 
downsizing and higher-density design are being demanded also for 
20 electronic components constituting the electronic equipment. As 
one of such electronic components, used is a stacked-type 
semiconductor device (multichip device) in which semiconductor 
integrated circuit chips (LSI chips) are three-dimensionally 
stacked. 

25 [0004] Among multichip devices , a structure with the highest 
integration degree and thus allowing downsizing is such a type of 
multichip device having a three-dimensionally stacked structure in 
which through plugs are formed through semiconductor substrates 



having semiconductor devices formed thereon . In this type of device , 
the through plugs electrically connecting a face of the 
semiconductor substrate in which elements are formed to a rear face 
side are formed. The through plug is constituted of an insulating 
5 material covering a sidewall of a through hole and a low electrical 
resistance metal material (for example, Al, Cu, or the like) in a 
columnar shape that is positioned so as to be surrounded by the 
insulating material and that serves as a conductive member. The 
low resistance of the conductive member ensures the operating 

10 performance as a system. 

[0005] Here, it is more advantageous in view of processes that 
a through plug forming step is carried out after the completion of 
a transistor forming step called a f rontend process which requires 
a relatively high-temperature process, in other words, during a 

15 multilayer interconnection forming step that is a backend process. 
Usable methods of forming through holes in which the through plugs 
are to be formed are reactive ion etching (RIE) using plasma, which 
is anisotropic etching, and wet etching using an etchant of an alkali 
solution. 

20 [0006] An example of a semiconductor device fabrication method 
including a through hole forming step is a method described in a 
patent document: Japanese Patent Laid-open Application No. Hei 
10-223833. 

25 SUMMARY 

[0007] A semiconductor device according to an aspect of the 
present invention includes: a semiconductor substrate; a plurality 
of diffusion layer patterns formed on the semiconductor substrate; 



an insulation film formed between the plural diffusion layer 
patterns on the semiconductor substrate; and a through plug formed 
to be partly surrounded by the insulation film without being in 
contact with the plural diffusion layer patterns and to pass through 
5 the insulation film and the semiconductor substrate. 

[0008] A semiconductor device according to another aspect of the 
present invention includes: a semiconductor substrate; a plurality 
of diffusion layer patterns formed on the semiconductor substrate; 
an insulation film formed between the plural diffusion layer 
10 patterns on the semiconductor substrate; and a through plug formed 
to be partly surrounded by the diffusion layer pattern without being 
in contact with the insulation film and to pass through the diffusion 
layer pattern and the semiconductor substrate. 

[0009] A semiconductor device according to still another aspect 
15 of the present invention includes: a plurality of semiconductor 
chips , at least one of the semiconductor chips including a 
semiconductor substrate , a plurality of diffusion layer patterns 
formed on the semiconductor substrate , an insulation film formed 
between the plural diffusion layer patterns on the semiconductor 
20 substrate , and a through plug formed to be partly surrounded by the 
insulation film without being in contact with the plural diffusion 
layer patterns and to pass through the insulation film and the 
semiconductor substrate, or a through plug formed to be partly 
surrounded by the diffusion layer pattern without being in contact 
25 with the insulation film and to pass through the diffusion layer, 
pattern and the semiconductor substrate; and a connecti^ig^portion 
electrically connecting the through plugs of the at least one of 
the plural semiconductor chips to a semiconductor chip of the plural 



semiconductor chips other than the at least one of the plural 
semiconductor chips. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0010] FIG. 1A and FIG. IB are views schematically showing the 
structure of a semiconductor device according to an embodiment of 
the present invention , and FIG. 1C is a schematic structural view 
of a cross section, showing a structure example in which the 
semiconductor devices according to this embodiment are stacked. 

10 [0011] FIG. 2 A and FIG. 2B are a top view (FIG. 2A) schematically 
showing an example of a state before a through plug 15 is formed 
in the semiconductor device shown in FIG. 1A and FIG. IB, and a view 
(FIG. 2B) schematically showing an example of a cross section of 
a hole formed by etching the inside of a contour line 150a shown 

15 in FIG. 2A. 

[0012] FIG. 3 is a top view schematically showing another example 
of the state before the through plug 15 is formed in the semiconductor 
device shown in FIG. 1A and FIG. IB. 

[0013] FIG. 4 is a top view schematically showing still another 
20 example of the state before the through plug 15 is formed in the 

semiconductor device shown in FIG. 1A and FIG. IB. 

[0014] FIG. 5 is a top view schematically showing yet another 

example of the state before the through plug 15 is formed. 

[0015] FIG. 6 is a top view schematically showing yet another 
25 example of the state before the through plug 15 is formed. 

[0016] FIG. 7 A and FIG. 7B are views schematically showing the 

structure of a semiconductor device according to another embodiment 

of the present invention. 
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[0017] FIG. 8A and FIG. 8B are top views showing states 
immediately before and immediately after a hole for a through plug 
is formed in a semiconductor device, as a comparison and reference 
example, while it is undergoing a backend process. 
5 [0018] FIG. 9A and FIG. 9B are views showing structure examples 
of an X-Xa cross section of a formed hole shown in FIG. 8B, seen 
in the arrow direction. 

DETAILED DESCRIPTION 

10 (Explanation on Embodiments) 

[0019] The above-mentioned document does not disclose in detail 
the relationship between a through hole and various kinds of patterns 
formed on a semiconductor substrate. Therefore, it is not clear 
what kind of measures should be taken in consideration of 

15 productivity and reliability when patterns of insulating materials 
of various kinds, lower layer metal wiring, diffusion layers, and 
so on are formed on the substrate in which the through hole is to 
be formed. 

[0020] For example, if these various kinds of materials need to 
20 be individually etched before a semiconductor substrate portion is 
etched to form the through hole, the throughput is lowered and shape 
control becomes difficult. 

[0021] According to the above-described aspects of the present 
invention, a semiconductor device having through plugs is provided, 
25 in which highly reliable through plugs are formed with good 
productivity . 

[0022] As a result of forming a through hole in which a through 
plug (a portion including a conductive member formed to pass through 



the semiconductor substrate in a thickness direction) is to be formed 
by etching a semiconductor substrate having various kinds of 
patterns thereon, the inventor of the present invention has found 
out that there are some cases where it is not possible to obtain 
5 a predetermined through hole shape due to the variation in etching 
speed and etching shape depending on, for example, the patterns on 
the semiconductor substrate or dopant concentration. 
[0023] FIG. 8A is a top view (comparison and reference example) 
showing a state immediately before a hole for a through plug is formed 

10 in a semiconductor device while it is undergoing a backend process. 
In this state, an STI (shallow trench isolation) insulation film 
61 is formed on a semiconductor substrate so as to isolate a plurality 
of dummy diffusion layers 62 from one another, and wiring patterns 
64 and a pad 63 are formed of conductive materials on further upper 

15 layer thereof. The dummy diffusion layers 62 are simply dummies 
in the vicinity of the region shown in the drawing, but in other 
regions, they constitute part of transistors and so on that are 
elements of a semiconductor integrated device. Note that 
interlayer insulation films are interposed in an area from the STI 

20 insulation film 61 and the dummy diffusion layers 62 to the wiring 
patterns 64 and the pad 63, but they are omitted in the drawing. 
Further, not-shown metal silicide layers are formed on the dummy 
diffusion layers 62. 

[0024] In FIG. 8A, when a hole in which the through plug is to 
25 be formed is formed by RIE in, for example, a place 200a where the 
STI insulation film 61 and the dummy diffusion layers 62 exist, since 
the diameter of the through plug is generally determined so as to 
dominate the size of the dummy diffusion layers 62 and the adjacent 



intervals between the dummy diffusion layers 62, the state as shown 
in FIG. 8B is obtained after the hole is formed. 
[0025] FIG. 9A and FIG. 9B are views showing structure examples 
of an X-Xa cross section of the formed hole shown in FIG. 8B, seen 
in the arrow direction. The structure shown in FIG. 9A is the 
structure when etching for forming the hole is conducted under such 
conditions that strong anisotropy is maintained. During such 
etching , side etching does not easily occur since the etching 
progresses so as to form a protective film on a sidewall. 
[0026] In such a case, however, the etching speed is not constant 
in the hole, resulting in a shape having residues on a bottom face 
of the formed hole as shown in FIG. 9A. This is caused by, for example, 
difference in level originated from boundaries between the STI 
insulation film 61 and the dummy diffusion layers 62 inside the hole 
position and is also caused by residues of dopant of the dummy 
diffusion layers 62 and residues of metal silicide that is necessary 
for forming contacts in the dummy diffusion layers 62. 
[0027] With such a shape of the hole, even when the sidewall is 
covered with an insulating material thereafter, a conductive member 
is buried in the hole, and the semiconductor substrate is cut from 
a rear face side thereof to form the through plug, the resultant 
shape is inferior as the through plug, which causes a defect in terms 
of reliability in vertical electrical joint for stacking the 
semiconductor devices . On the other hand, when etching is conducted 
under such conditions that the formation of the protective film is 
not much promoted on the sidewall during the etching in order to 
avoid the above problem, side etchings 62a occur, as shown in FIG. 
9B, in dummy diffusion layer regions where the etching speed is 



faster , so that shape controllability cannot be maintained. 
[0028] In contrast, according to one aspect of the present 
invention described above, the through plug is surrounded by the 
insulation film, out of the diffusion layer patterns and the 
5 insulation film formed on the semiconductor substrate, but is not 
in contact with the diffusion layer patterns • Therefore, in forming 
an etching hole in which the through plug is to be formed, etching 
conditions can be determined without any consideration of the 
occurrence of side etching in the diffusion layer patterns. 

10 Consequently, it is made possible to keep the etching speed more 
constant in the hole, realizing processing with high shape 
controllability. The processing with high shape controllability 
is also realized in such a manner that no diffusion layer pattern 
is disposed from the initial stage in the place where the etching 

15 hole is to be formed, thereby keeping the etching speed more constant 
in the hole. Therefore, it is possible to provide a semiconductor 
device in which highly reliable through plugs are formed with high 
productivity . 

[0029] Alternatively, according to another aspect of the present 
20 invention described above, the through plug is surrounded by the 
diffusion layer pattern out of the diffusion layer patterns and the 
insulation film formed on the semiconductor substrate, but is not 
in contact with the insulation film. This means that, in forming 
the etching hole in which the through plug is to be formed, it is 
25 not necessary to etch a place where various kinds of films are formed, 
but a place where a uniform film is formed can be etched. This makes 
it possible to keep the etching speed more constant in the hole, 
realizing processing with high shape controllability. Therefore, 



it is possible to provide a semiconductor device in which highly 
reliable through plugs are formed with good productivity. 
[0030] According to still another aspect of the present invention, 
the structures according to each of the above-described aspects are 
5 actually assembled into a stacked structure. 

[0031] A semiconductor device as a form of an embodiment of the 
present invention may further include a pattern portion formed above 
the diffusion layer pattern and/or the insulation film without being 
in contact with the through plug, the pattern portion using as a 
10 material thereof one kind selected from a group consisting of 

aluminum (Al), tungsten (W) , titanium (Ti), copper (Cu), tantalum 
(Ta), and a chemical compound composed of at least one metal out 
of aluminum (Al), tungsten (W) , titanium (Ti), copper (Cu), and 
tantalum (Ta) . 

15 [0032] This means that, in a semiconductor device having these 
pattern portions, the through plug is formed so as to keep clear 
of positions where the pattern portions are formed. This is because 
it is disadvantageous in terms of productivity to etch these pattern 
portions in order to form a hole for the through plug since these 

20 pattern portions are more difficult to be etched. 

[0033] As another form of an embodiment, the semiconductor device 
may further include a pattern portion formed above the diffusion 
layer pattern and/or the insulation film, the pattern portion using 
as a material thereof one kind selected from a group consisting of 

25 aluminum (Al), tungsten (W) , titanium (Ti), copper (Cu), tantalum 
(Ta), and a chemical compound composed of at least one metal out 
of aluminum (Al), tungsten (W) , titanium (Ti), copper (Cu), and 
tantalum (Ta), and the through plug may be also surrounded also by 

9 



the pattern portion above the diffusion layer pattern and/or the 
insulation film, 

[0034] In this case, in the semiconductor device having these 
pattern portions, a place in a uniform state where the pattern 
5 portion is formed can be etched at the time of forming an etching 
hole in which the through plug is to be formed. Therefore, the 
etching speed can be kept more constant in the hole, which enables 
processing with high shape controllability. 

[0035] The semiconductor device according to one aspect of the 
10 present invention described above can be fabricated in such a manner 
that the STI is formed on the semiconductor substrate to demarcate 
regions to be the diffusion layer patterns in portions where the 
STI is not formed, the semiconductor substrate is processed to form 
therein a through plug forming hole having a contour line embraced 
15 within the region of the STI, and the through plug is formed in the 
through plug forming hole. 

[0036] The semiconductor device according to another aspect 
described above can be fabricated in such a manner that the STI is 
formed on the semiconductor substrate to demarcate regions to be 

20 the diffusion layer patterns in portions where the STI is not formed, 
the semiconductor substrate is processed to form therein a through 
plug forming hole having a contour line embraced within the region 
of the diffusion layer pattern, and the through plug is formed in 
the through plug forming hole. 

25 [0037] In either one of the methods, the contour line of the 
through plug forming hole is embraced within the region in a uniform 
state such as the STI insulation film (or diffusion layer pattern) . 
Therefore, the state inside the contour line before etching can be 



made uniform, or if the state cannot be made uniform the etching 
conditions can be set so as to allow etching at a substantially 
constant speed. Consequently , the etching speed can be kept more 
constant in the hole, which enables processing with high shape 
5 controllability. 

[0038] Based on the foregoing, embodiments of the present 
invention will be hereinafter explained with reference to the 
drawings. FIG. 1A and FIG. IB are views schematically showing the 
structure of a semiconductor device (semiconductor chip) according 

10 to an embodiment of the present invention. FIG. 1A is a top view 
and FIG. IB is a view showing an A-Aa cross section in FIG. 1A, seen 
in the arrow direction. Note that a stopper film 16 and inter layer 
insulation films 19a to 19g are omitted in FIG. 1A. 
[0039] Normally, in an integrated semiconductor device, for 

15 example, an integrated device of MOS FET transistors, there are an 
STI as a field oxide film and active areas including diffusion layer 
regions on a semiconductor (Si) substrate, the active areas having 
gate structures of transistors formed thereon, and multilayer 
wiring is formed further above the STI and active areas. FIG. 1A 

2 0 and FIG. IB show the state in which a through plug is formed in a 
backend process in such a semiconductor device. 

[0040] As shown in FIG. 1A and FIG. IB, an STI insulation film 
11 is formed on a semiconductor substrate 10 so as to insulate a 
plurality of dummy diffusion layers 12 from one another, and wiring 
25 patterns 14 and a pad 13 are further formed of conductive materials 
above the STI insulation film 11 and the dummy diffusion layers 12. 
The stopper film 16 and the inter layer insulation films 19a, 19b, 
... are interposed in an area from the STI insulation film 11 and the 

11 



dummy diffusion layers 12 to the wiring patterns 14 and the pad 13. 
[0041] The diffusion layer regions and an electrode of a 
transistor Tr formed in the active area are electrically connected 
to a lower wiring pattern 14a , the pad 13 , an upper wiring pattern 
5 14, and so on by a contact plug 17 and an inter layer via plug 18. 
Note that metal silicide layers can be formed on the diffusion layer 
regions and the electrode of this transistor Tr and on dummy 
diffusion layers 12 , when necessary. Usable materials for forming 
the upper and lower wiring patterns 14, 14a and the pad 13 are 
10 aluminum (Al), tungsten (W) , titanium (Ti), copper (Cu), tantalum 
(Ta), or a chemical compound (for example, silicide or the like) 
composed of at least any one of these metals. 

[0042] A through plug 15 is positioned so as to be surrounded by 
the STI insulation film 11 in the vicinity of the surface of the 

15 semiconductor substrate 10, and vertically passes through the 

semiconductor substrate 10, the STI insulation film 11, the stopper 
film 16, and the inter layer insulation films 19a to 19f . The through 
plug 15 is constituted of a columnar electric conductor 15a (Cu is 
an example of its material) and an insulation layer 15b (silicon 

20 oxide, silicon nitride, or the combination of these is an example 
of its material) surrounding the electric conductor 15a. In order 
to actually make the through plug 15 function as an electrically 
conductive member, the semiconductor substrate 10 is hereafter cut 
from a rear face side thereof to expose a bottom portion of the 

25 electric conductor 15a, and on an upper face side, the inter layer 
insulation film 19g is partly etched for removal to expose the 
electric conductor 15a. Then, necessary electric connection is 
made on these exposed surfaces. 

12 



[0043] FIG. 1C is a schematic structural view of a cross section 
showing a structure example in which semiconductor devices formed 
by such a method are stacked . In FIG . 1C , the same reference numerals 
and symbols are used to designate the same portions as the portions 
5 shown in FIG. IB. As shown in FIG. 1C, the electric conductors 15a 
of the through plugs 15 are adequately connected electrically to 
the pad 13 via a rewiring layer 31 (Al is an example of its material) , 
and are electrically and mechanically connected to each other in 
the vertical direction by a connecting member 30 such as solder. 

10 After they are thus connected , remaining gaps and so on are filled 
with, for example, a sealant. Note that the reference numeral 32 
denotes a passivation film formed on an upper most face except 
vertical connecting portions by the connecting member 30 , the 
reference numeral 33 denotes a barrier metal film preventing the 

15 connecting member 30 from diffusing, and the reference numeral 34 
denotes a insulating film formed on a back surface of the 
semiconductor substrate 10. 

[0044] In FIG. IB and FIG. 1C, the actual dimensions are such that, 
for example, the thickness of the semiconductor substrate 10 is 
2 0 several hundreds ^m, the distance from a height position where the 
STI insulation film 11 is formed up to an upper most face is 2 [im 
to 3 jim, the height of the through plug 15 is 50 jjuti to 100 jim, and 
the diameter (one side) thereof is about 20 nm. Further, in FIG. 
1A, the horizontal width of the STI insulation film 11 surrounding 

25 the through plug 15 is nominally about 2 urn or more at the narrowest 
portion thereof. With this degree of the width, it is possible to 
fully prevent the through plug 15 from being in contact with the 
dummy diffusion layers 12 even if deviation in the formation position 



of the through plug 15 occurs. 

[0045] An RIE method using, for example, a fluorine gas can be 
used for forming a hole for the through plug 15 by etching in the 
above-described semiconductor device. With the fluorine gas, the 
5 etching rate for metal such as Al, W, and Cu is slow. Therefore , 
in this embodiment, etching holes are formed in places where the 
wiring patterns 14, 14a and the pad 13, which are made of metal, 
are not formed. Consequently, it is not necessary to suffer such 
a demerit that different etching apparatuses and etching conditions 

10 have to be used for etching respective layers, namely, for etching 
of metal, etching of the insulation film, and etching of Si . Further, 
this structure is also effective for solving a productivity problem 
of throughput drop and a problem of difficulty in shape control. 
[0046] FIG. 2A is a top view schematically showing an example of 

15 a state before the through plug 15 is formed in the semiconductor 
device shown in FIG. 1A and FIG. IB. In FIG. 2A, the same reference 
numerals and symbols are used to designate portions which are the 
same as or corresponding to the portions in FIG. 1A and FIG. IB. 
[0047] In this case, as shown in FIG. 2A, neither the metal wirings 

20 nor the patterns of the dummy diffusion layers 12 are disposed in 
a place 150 (inside the contour line 150a) where the through plug 
15 is to be formed, but a region of a field oxide film being the 
STI insulation film 11 is disposed therein. An example of a cross 
section of a hole formed by etching the inside of the contour line 

25 150a in this case is schematically shown in FIG. 2B. 

[0048] As shown in FIG. 2B, even when the etching is conducted 
under such conditions that protective film formation on a sidewall 
is much promoted for selectivity to an etching mask and for control 

14 



of the etching shape, no residue or the like occurs on a bottom face 
since the material of the place where the hole is formed is uniform 
and in addition , since there exists no dopant or no metal silicide 
both originated from the dummy diffusion layers 12 . Therefore, when 
5 the through plug 15 is formed in this hole, the through plug 15 in 
good shape and with high reliability is obtainable. 
[0049] Next, another example of the state before the through plug 
15 is formed in the semiconductor device shown in FIG. 1A and FIG. 
IB will be explained with reference to FIG. 3. FIG. 3 is a top view 
10 schematically showing another example of the state before the 

through plug 15 is formed. In FIG. 3, the same reference numerals 
and symbols are used to designate portions which are the same as 
or corresponding to the portions in FIG. 2A. 

[0050] In this example, as shown in FIG. 3, the position of the 
15 etching hole is selected in a region where the dummy diffusion layers 
12 are regularly disposed so that the contour line 150a of the etching 
hole is embraced within the region of the STI insulation film 11. 
Generally, the dummy diffusion layers 12 are provided in order to 
ensure polishing uniformity in a processed surface at the time of 
20 removing, by a CMP (chemical mechanical polishing) method, a part 
of a top face side of an oxide film once deposited, when the STI 
insulation film 11 is formed. Therefore, this structure can improve 
uniformity in the surface when the STI insulation film 11 is formed, 
compared with the already-explained STI insulation film 11 and 
25 patterns of the dummy diffusion layers 12 as shown in FIG. 2A. 
[0051] Incidentally, this structure may possibly cause the 
formation of a level difference and so forth, which are originated 
from the boundaries between the dummy diffusion layers 12 and the 



STI insulation film 11 , on a bottom portion of the etching hole, 
thereby causing the formation of residues on the bottom portion as 
in the conventional example, but the use of etching conditions under 
which the formation of the sidewall protective film is not much 
5 promoted can eliminate this problem. 

[0052] In the example shown in FIG. 3, even when the etching is 
conducted under such conditions that the formation of the sidewall 
protective film is not much promoted, no such problem arises that 
undercuts occur along the dummy diffusion layers 12 as shown in FIG. 

10 9B. This is because the position of the etching hole is selected 
so that the contour line 150a of the etching hole is embraced within 
the region of the STI insulation film 11 and thus the dummy diffusion 
layers 12 are exposed to an etchant from no direction. Therefore, 
the structure in this example also makes it possible to form the 

15 through plug 15 in good shape and to improve reliability in the 
connection by the through plug 15. 

[0053] Next, still another example of the state before the through 
plug 15 is formed in the semiconductor device shown in FIG. 1A and 
FIG. IB will be explained with reference to FIG. 4. FIG. 4 is a 

20 top view schematically showing still another example of the state 
before the through plug 15 is formed. In FIG. 4, the same reference 
numerals and symbols are used to designate portions which are the 
same as or corresponding to the portions in FIG. 2A. 
[0054] In this example, as shown in FIG. 4, the position of the 

25 etching hole is selected so that the contour line 150a of the etching 
hole surrounds the dummy diffusion layer 12 larger in area than the 
dummy diffusion layers 12 disposed therearound and is embraced 
within the region of the STI insulation film 11 . With this structure, 



even when the level difference is caused by the STI insulation film 
11 , the residues are not easily formed on the bottom portion since 
the level difference is constant in the vicinity of the periphery 
of the etching hole. Therefore, the structure in this example also 
5 makes it possible to form the through plug 15 in good shape and to 
improve reliability in the connection by the through plug. 
[0055] Next, yet another example of the state before the through 
plug 15 is formed will b^ explained with reference to FIG. 5. FIG. 
5 is a top view schematically showing yet another example of the 

10 state before the through plug 15 is formed. In FIG. 5, the same 
reference numerals and symbols are used to designate portions which 
are the same as or corresponding to the portions in FIG. 2A. 
[0056] In this example, as shown in FIG. 5, the position of the 
etching hole is selected so that the contour line 150a of the etching 

15 hole is embraced within the region of the dummy diffusion layer 12 
larger in area than the dummy diffusion layers 12 disposed 
therearound. In this case, if the conditions under which the 
formation of the sidewall protective film is not much promoted are 
used for etching, undercuts occur in the dummy diffusion layer 12 

20 (the dummy diffusion layer 12 having a larger area) . However, this 
dummy diffusion layer 12 is surrounded by the field oxide film being 
the STI insulation film 11, and therefore, by controlling the 
positional relationship between this larger dummy diffusion layer 
12 and the contour line 150a of the etching hole, an amount of this 

25 undercut can be controlled, which prevents unexpected deformation 
of the shape. 

[0057] If an amount of the undercut can be controlled, the shape 
control is made possible by, for example, etching and removing a 



film positioned on an upper face of the undercut after the etching 
hole is formed. Further, since the material of the place where the 
hole is formed is uniform, it is possible to reduce the formation 
of the residues, which results from the level difference caused by 
5 the STI insulation film 11, on the bottom face of the etching hole. 
This also applies to the case when, as shown in FIG. 6, the dummy 
diffusion layer 12 is formed in a frame shape and the contour line 
150a of the etching hole is selected so as to be embraced within 
a region of this frame-shaped dummy diffusion layer 12. FIG. 6 is 
10 a top view schematically showing yet another example of the state 
before the through plug 15 is formed, and the same reference numerals 
and symbols are used to designate portions which are the same as 
or corresponding to those in FIG. 2A. 

[0058] Next, a semiconductor device according to another 
15 embodiment of the present invention will be explained with reference 
to FIG. 7A and FIG. 7B. FIG. 7A and FIG. 7B are views schematically 
showing the structure of the semiconductor device according to 
another embodiment of the present invention. FIG. 7A is a top view 
and FIG. 7B is a view showing an A-Aa cross section in FIG. 7A, seen 
20 in the arrow direction. In FIG. 7A and FIG. 7B, the same reference 
numerals and symbols are used to designate portion which are the 
same as or corresponding to the portions already explained in FIG. 
1A and FIG. IB, and the relationship among these portions are also 
the same. 

25 [0059] In this embodiment, a formed through plug 15 is surrounded 
also by a wiring pattern (a lower wiring pattern in this example) 
20 inside inter layer insulation films 19a to 19g. This is what makes 
this embodiment different from the embodiment shown in FIG. 1A and 



FIG. IB. The wiring pattern 20 is a dummy wiring pattern and is 
disposed in order to obtain uniformity in the forming process of 
a layer including this pattern. 

[0060] In such formation of the through plug 15 surrounded by the 
5 wiring pattern 20 , possible shapes of the wiring pattern 20 before 
an etching hole is formed are the same shape as that of the large 
dummy diffusion layer 12 shown in FIG. 5 or the frame-shaped dummy 
diffusion layer 12 shown in FIG. 6. Therefore, even when special 
conditions are required for etching this wiring pattern 20 , the 
10 occurrence of the residues on the bottom portion of the etching hole 
can be effectively reduced. This is because the material of the 
bottom portion of the etching hole is substantially uniform in each 
layer . 

[0061] Therefore , the structure in this example also makes it 
15 possible to form the through plug 15 in good shape and to improve 
reliability in the connection by the through plug 15 . Incidentally, 
this embodiment shown in FIG. 7A and FIG. 7B shows the example where 
the through plug 15 is surrounded by the STI insulation film 11 in 
the vicinity of the surface of the semiconductor substrate 10, but 
2 0 by using the pattern of the dummy diffusion layer 12 as shown in 
FIG. 5 or FIG. 6, it is made possible to have such a structure that 
the through plug 15 is surrounded by the dummy diffusion layer 12 
in the vicinity of the surface of the semiconductor substrate 10. 
[0062] It should be understood that the present invention is not 
25 limited to the specific forms described above with illustration and 
all the changes which come within the range of equivalency of the 
following claims are therefore intended to be embraced therein. 
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